SUMMARY Echocardiography was used to evaluate mitral and tricuspid valve closure in patients 1 day to 20 years of age. When possible, simultaneous phonocardiograms were obtained. The difference in time between the Q wave of the electrocardiogram and mitral closure and between Q and tricuspid closure was designated the delta value (A). Four groups of patients were assessed: 1) normals (40), secundum atrial septal defect (ASD) (10) , mitral valve prolapse syndrome (Barlow's syndrome) (13), pulmonary hypertension (12) , and pulmonic stenosis (6); 2) Ebstein's anomaly (10); 3) transposition of the great vessels (15); 4) right bundle branch block (RBBB) (25). Ten patients with surgically induced right bundle branch block IN THE NORMAL HEART mitral valve closure precedes that of the tricuspid valve. These valves may be subjected to unusual hemodynamics in certain forms of congenital heart disease (such as transposition of the great arteries) or may be structurally abnormal (as in Ebstein's anomaly of the tricuspid valve). Since their precise point of closure can be recorded echocardiographically, this study was undertaken to evaluate the diagnostic significance of abnormal atrioventricular valve closure time.
Material and Methods
Echocardiograms were obtained from the tricuspid and mitral valves with a Hoffrel 101 ultrasonoscope. Either a nonfocused 5 MHz ¼h inch or a focused 2.25 MHz ½/2 inch transducer was used depending upon the age of the patient and the ease of recording the structure sought. The echoes were recorded at 75 or 125 mm/sec with 40 msec time lines. In only two instances was a paper speed of 50 mm/sec used. When possible, a simultaneous external phonocardiogram, using a Cambridge type 72352 amplifier and type 53616 microphone, was obtained and recorded at a frequency and position that would best display components of the first heart sound. It was often difficult to record simultaneous phonocardiograms in younger patients since the microphone placement interfered with transducer position.
All echocardiograms were obtained in the recumbent position with the patient breathing normally. The transducer was angled so that both anterior and posterior portions of the valve could be seen and their point of coaptation identified, which thus defined closure ( fig. 1 ).
were studied by phonocardiography alone.
Group I had delta values of 50 msec or less (-5 to 50 milliseconds) and served as controls. Ebstein's anomaly showed prolongation of the delta value to 65 msec or greater in eight out of ten patients. Patients with transposition of the great vessels showed a striking difference from the preceding groups in that an average negative delta value was obtained. Twenty-two patients of group 4 (RBBB) had delta values within the norinal range.
This study has shown that a delta value greater than 65 msec is suggestive of Ebstein's anomaly. In addition, if the delta value is negative, transposition of the great vessels can be suspected.
The following groups of patients were assessed: Group 1. 1) Normals -40 patients (3 days -20 years of age); 2) Secundum atrial septal defect (ASD) - the average taken for Q-Tc and Q-Mc. The difference between Q-Tc and Q-Mc was then compared in the various groups. The phase of respiration, per se, was not taken into account although it was related to some extent by using cycles with similar preceding R-R intervals.
The delta values of 40 normal subjects were plotted in three age groups; 0-2 years, 2-10 years, and 10-20 years. The mean value was 20 msec (SD =± 14) with a range from -5 to 50 msec. The mean delta value was not age or rate dependent although the lower values tended to be found in younger infants.
Patients with right ventricular systolic hypertension ( VALVE CLOSURE IN CONGENITAL HEART DISEASE/Milner et al. These patients were strikingly different from previous groups. The average delta value for this group was -9 msec, which denoted earlier closure of the tricuspid valve (situated in the systemic ventricle) than the mitral valve. In 11/23 recordings the delta value was within the low normal range, and 6/15 patients had a normal delta value at some state during their course. Negative values seemed to occur irrespective of age or associated lesions. This finding, too, did not seem to be influenced by Mustard's operation. No patient in this group had tricuspid insufficiency following the Mustard repair.
Group 4 -Right Bundle Branch Block (figs. 5 & 6) The delta values in patients with RBBB were within normal limits except for three patients who had values of 55, 60 and 65 msec. The six patients who had echocardiograms Of great interest was the finding of predominantly negative delta values in patients with transposition of the great arteries. Only one other patient (a normal infant in the control group) had a negative delta value ( fig. 7) . One hypothesis to explain this finding may be that the mitral valve anomalies found in pathologic specimens with complete transposition of the great vessels" 12 in some manner affect the timing of closure of the valve. Layman and Edwards10 found anomalies of the mitral valve in 13 of 88 specimens (I15%) which consisted of: l) cleft anterior leaflet; 2) partial persistent atrioventricularis communis; 3) "6parachute" mitral valve; 4) abnormal adherence of the anterior leaflet to the ventricular septum; and 5) "filigree" of the mitral valve. Elliott et al. 
